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SUMMARY 

The  synthesis  of  fluorocarbon  ether  bls(o-amlnophenol)  monomers  was 
accomplished  by  a multlstep  route  from  long-chain  fluorocarbon  ether 
dllodldes  and  the  reaction  conditions  optimized.  Polycyclocondensatlon 
of  these  monomers  with  novel,  long-chain  fluorocarbon  ether  dllmldate 
esters  led  to  linear  fluorocarbon  ether  blbenzoxazole  (FEB)  polymers 
soluble  In  hexafluorolsopropanol  and  Freon  113.  Polymer  structures  were 
verified  by  elemental  and  Infrared  analysis.  Some  of  the  FEB  polymers 
were  obtained  In  moderate  to  high  molecular  weights  with  Inherent 
viscosities  In  the  range  of  0.4  to  0.5  dl/g.  High  fluorocarbon  ether 
content  gave  the  desired  low  glass  transition  temperatures  without 
significant  sacrifices  In  thermooxl dative  stabilities.  Rubbery  polymers 
with  glass  transition  temperatures  as  low  as  -58°C  (-72°F)  were  obtained. 
With  respect  to  thermooxl dative  stability,  onset  of  weight  loss  of  the 
FEB  polymers  during  thermogravlmetrlc  analysis  In  an  air  atmosphere 
occurred  In  the  350-400°C  (660-750°F)  range.  Based  on  these  encouraging 
results,  FEB  polymers  appear  to  have  great  potential  as  a class  of 
polymers  for  broad  use  temperature  range  elastomer  applications  which 
surpass  current  state-of-the-art  materials. 


AFML-TR-75-1 1 


SECTION  I 
INTRODUCTION 


In  order  to  meet  the  requirements  for  fluid  and  fuel  containment  in 
Air  Force  systems,  new  polymeric  materials  are  needed  for  seals  which 
will  retain  elastomeric  properties  over  a -65°  to  600°F  temperature 
range.  These  materials  should  also  exhibit  other  desirable  properties 
such  as  fluid  resistance,  hydrolytic  stability,  and  mechanical  strength 
over  this  temperature  range.  Since  present  state-of-the-art  materials 
do  not  fulfill  needs  for  broad  use  temperature  range  elastomers, 
continuing  research  efforts  to  synthesize  new  thermally  stable  polymers 
as  base  materials  for  these  applications  have  been  carried  on  in  this 
laboratory  through  both  inhouse  and  contractual  research  programs. 


In  the  first  phase  of  a continuing  AFML  inhouse  research  program, 
the  synthesis  of  several  thermally  stable,  novel  fluorocarbon  ether 
bibenzoxazole  (FEB)  polymers  was  achieved  by  the  acetic  acid-promoted 
polycondensation  of  a novel  fluorocarbon  ether  bis(o-aminophenol ) 
monomer  (I)  with  available  fluorocarbon  ether  diimidate  esters  (Reference 
1). 


HOy^]  ^ . %_r,_c*nh  ch^h 

H2NA^J-(CF2)20(CF2)s0(CF2)r^ANH2  HSC(T  f Nx*3 
I 


CF2)20(CF2)60(CF2- 


Rf  = CF20{CF2)20  CFz  ,(CF2)40(CF2)20CF2  • 
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This  work  was  a follow-on  to  the  research  of  Madison  and  Burton  (Reference 
2),  but  represented  a significant  advance  over  their  work  In  light  of  the 
significantly  Improved  low  temperature  viscoelastic  properties  which  were 
achieved  without  significant  loss  of  thermooxl dative  stability.  However, 
due  to  lack  of  sufficient  flexibility  In  the  polymer  backbone,  the  glass 
transition  temperatures  (Tg)  were  still  well  above  those  needed  to  satisfy 
-65°F  use  temperature  requirements. 

In  order  to  Introduce  additional  flexibility  Into  the  polymer  backbones 
and  thus  expand  the  range  of  viscoelasticity,  the  synthesis  of  several 
new  long-chain  fluorocarbon  ether  bl s(o-am1 nophenol ) monomers  was  carried 
out  In  the  current  phase  of  the  research  effort.  Polycondensation  of 
these  novel  monomers  as  well  as  the  previously  prepared  Monomer  I with 
novel  long-chain  fluorocarbon  ether  dllmldate  esters  (synthesized  by 
Dr.  C.  Tamborskl  of  this  laboratory)  (Reference  3)  would  be  expected  to 
lead  to  new  FEB  polymers  with  Increased  fluorocarbon  ether  content  and 

lower  Tg's. 

The  synthesis  of  these  novel  fluorocarbon  ether  b1s(o-am1 nophenol) 
monomers  as  well  as  the  synthesis  and  characterization  of  the  new  FEB 
polymers  Is  discussed  In  Section  II. 
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SECTION  II 
DISCUSSION 


1.  MONOMER  SYNTHESIS 

The  key  reaction  In  the  synthesis  of  the  new  fluorocarbon  ether 
bls(o-amlnophenol)  Monomers  II  and  III  was  the  coupling  of  4-1odophenyl 
acetate  with  1 ,14-d11odoperfluoro-5,10-d1methyl-3,6,9,12-tetraoxa- 
tetradecane  and  1 ,17-d11odoperfluoro-3,6,9,15-tetraoxaheptadecane  In  the 
presence  of  copper  bronze  and  N,N-d1methylformam1de.  As  In  the  case  of 
the  previously  reported  synthesis  of  Monomer  I (Reference  1),  It  was 
found  that  relatively  low  reaction  temperatures  (<115°C)  and  long  reaction 
times  (>  3 days)  were  necessary  to  effect  successful  coupling.  Conversion 
of  the  resultant  blsphenols  to  Monomers  II  and  III  was  readily  achieved 
via  the  following  reaction  sequence  In  overall  yields  of  12  and  15%, 
respectively.  The  Infrared  spectra  of  Monomers  II  and  III  are  shown  In 
Figures  1 and  2. 


Aeo0-i— 1 


(I)  Cu 


(2)  HC I 


"O-i-O' 


OH 


HNOj 

HOAc 


H0>^  jOPd/C.HCj 

HjN‘^^Rf_^^sNH2  (2)NoHCOs  otNx^S^_Rf  “^s^N02 


I Rf  = (CF2)20(CF2)90(CF2)2 


II  = (CF2)20  CF2CF0(CF2)20CFCF20(CF2)2 

I I 

CF,  CFj 

III  » (CF2)20(CF2)20(CF2)20(CF2)B0(CF2)2 
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2.  POLYMER  SYNTHESIS 

The  polycondensation  reactions  were  carried  out  in  hexafluoro- 
isopropanol  (HFIP)  at  50-55°C  in  the  presence  of  four  molar  equivalents 
of  glacial  acetic  acid.  The  reaction  conditions  are  summarized  in  Table 
I.  The  reaction  solutions  remained  homogeneous  throughout  the  course  of 
the  polycondensation  due  to  the  solubility  of  both  the  monomers  and  the 
polymers  in  HFIP.  High  reaction  concentrations  (~0.2g  polymer/ml  HFIP) 
were  used  to  suppress  undesirable  Intramolecular  condensation  of  the 
growing  polymer  chains  and  formation  of  sublimable  cyclic  compounds 
(Reference  1).  Rubbery,  amber-colored  polymers  with  inherent  viscosities 
in  the  range  of  0.11  to  0.47  dl/g  were  obtained.  Yields  of  the  crude 
polymers  from  the  polymerization  reactions  varied  considerably  depending 
to  a large  extent  upon  the  molecular  weight  of  the  polymer  samples. 

Nearly  quantitative  recovery  of  crude  polvmers  was  achieved  in  the  case 
of  the  higher  molecular  weight  samples.  Even  after  purification,  yields 
in  the  range  of  75  to  80%  were  recorded. 

3.  POLYMER  CHARACTERIZATION 

The  FEB  polymers  synthesized  under  this  phase  of  the  research  program 
were  clear,  amber-colored,  rubbery  gums  of  varying  toughness  depending 
upon  the  polymer  molecular  weight  and  Tg.  All  of  the  polymer  samples 
were  completely  soluble  in  HFIP  or  Freon  113. 

The  polymer  structures  were  established  by  elemental  analysis  and 
comparisons  of  infrared  absorption  characteristics  with  previously 
reported  model  compounds  and  FEB  polymers  (Reference  1).  Elemental 
analysis  values  of  the  polymer  samples  are  given  In  Table  I and 
representative  Infrared  spectra  are  shown  in  Figures  3 and  4.  Present 
in  all  cases,  are  bands  at  6.1-6.2p,  6.3-6.4y,  6. 9-7. Op,  and  7.2-7.3p 
as  well  as  the  expected  strong  absorptions  In  the  8-9p  region,  attri- 
butable to  the  C-F  stretching  vibrations  (Reference  4).  The  latter 
absorptions  are  particularly  pronounced  In  the  spectra  of  the  FEB  polymers 
reported  here  due  to  the  Increased  fluorocarbon  ether  content  of  the 
polymers. 
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The  thermal  stability  of  the  polymers  were  evaluated  by  thermo- 
gravimetric  analysis  (TGA)  under  both  air  and  helium  atmospheres.  Onset 
of  breakdown  In  an  air  atmosphere  of  the  polymers  reported  here  occurred 
In  the  350-400°C  (660-750°F)  range,  approximately  50°C  lower  than  the 
previously  reported  FEB  polymers  (Reference  1).  However,  onset  of 
breakdown  In  an  Inert  atmosphere  was  In  most  cases  not  significantly 
lower.  Representative  TGA  curver  are  shown  in  Figures  5 and  6. 

The  Tg's  of  the  polymers  were  determined  by  differential  scanning 
calorimetry  and  are  given  In  Table  I.  As  was  expected,  the  polymers 
with  higher  fluorocarbon  ether  content  generally  exhibited  lower  Tg's. 
However,  the  Tg  values  for  several  of  the  polymers  (Nos.  6 and  7)  may 
be  suspect  due  to  the  relatively  low  molecular  weights  of  the  samples. 

The  lowest  Tg  obtained  for  a moderate  to  high  molecular  weight  polymer 
was  -58°C  (-72°F)  (No.  12).  None  of  the  polymers  prepared  exhibited 
crystalline  melt  temperature  (Tm). 

As  In  the  case  of  the  previously  reported  FEB  polymers  (Reference  1), 
slight  deterioration  of  some  of  the  polymer  samples  was  noted  upon 
prolonged  exposure  to  a water-steam  atmosphere.  Similarly,  a cured  FEB 
polymer  sample  (No.  1)  (compounded,  cured,  and  evaluated  by  Warren 
Griffin,  AFML/MBE)  suffered  some  loss  of  mechanical  properties  after 
a 14-day  exposure  at  200°F  and  95*  humidity.  Since  components  used  In 
the  formulation  of  the  gum  and  the  conditions  used  In  the  cure  may  have 
contributed  to  the  instability  of  the  vulcanlzate,  follow-on  research 
Is  planned  to  incorporate  crosslink  sites  Into  the  polymer  backbone. 

This  will  facilitate  curing  under  milder  conditions  and  deleterious 
effects  on  the  base  polymer  should  be  minimized  or  eliminated  during 
curing. 
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4.  CONCLUSIONS 

From  the  results  presented  In  this  report,  it  is  concluded  that  high 
molecular  weight  FEB  polymers  varying  in  fluorocarbon  ether  content  can 
be  prepared  by  the  polycondensation  of  fluorocarbon  ether  bis(o-aminophenol ) 
monomers  with  fluorocarbon  ether  diimidate  esters  under  appropriate 
reaction  conditions. 

Selection  of  monomers  governed  the  Tg's  of  the  resultant  polymers. 

The  polymers  exhibited  lower  Tg's  with  increased  fluorocarbon  ether 
content,  a minimum  Tg  of  -58°C  (-72°F)  being  achieved.  Although  the 
thermooxi dative  stability  of  these  exceptionally  low  Tg  polymers  as 
determined  by  thermogravi metric  analysis  in  air  appears  to  be  approxi- 
mately 50  degrees  lower  than  earlier  higher  Tg  FEB  polymers,  potential 
long-term  use  at  temperatures  in  excess  of  500°F  is  still  envisioned. 

This  data  strongly  indicates  great  potential  for  achieving  broader  use 
temperature  ranges  than  those  currently  available  in  present  state-of- 
the-art  materials.  It  appears  likely  that  with  additional  research  to 
improve  curability  and  Increase  hydrolytic  stability  the  FEB  class  of 
polymers  will  provide  candidate  materials  for  broad  use  temperature 
range  seal  applications  in  advanced  Air  Force  systems. 
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SECTION  III 
EXPERIMENTAL 

1.  PREPARATION  OF  SOLVENTS  AND  INTERMEDIATES 

Hexaf 1 uorol sopropanol  obtained  from  PCR,  Inc.  or  Pierce  Chemical 
Company  was  dried  over  magnesium  sulfate  and  redistilled. 

Copper  bronze  obtained  from  Gallard-Schlesinger  was  used  as  received. 

1 , 1 4-Di iodoperf 1 uoro-5 , 1 O-dimethyl -3 ,6,9 ,1 2- tetraoxatetradecane  and 
1 ,17-diiodoperfluoro-3,6,9,15-tetraoxaheptadecane  were  obtained  from  PCR, 
Inc.  under  Air  Force  contracts  F3361 5-70-C-1403  and  F33615-73-C-5042 
(Reference  5). 

2.  PREPARATION  OF  MONOMERS 

Dimethyl  perfluoro-3,6-dioxaundecanediimidate  was  obtained  in  99  + % 
purity  from  PCR,  Inc.  under  Air  Force  contract  F3361 5-70-C-l 403  (Reference 
5). 


The  other  fluorocarbon  ether  diimidate  ester  monomers  were  obtained 
from  Dr.  C.  Tamborski,  AFML/MBP  (Reference  3). 

1,11 -Bis( 3-ami no-4-hydroxyphenyl )perf 1 uoro-3 ,9-dioxaundecane  had  been 
synthesized  in  an  earlier  phase  of  the  current  effort  (Reference  1). 

a.  l,14-Bis( 3-amino-4-hydroxyphenyl)?erfl uoro-5, 1 0-dime thyl- 
3, 6, 9, 12- tetraoxatetradecane 

To  a solution  of  4-iodophenyl  acetate  (7.86  g,  0.030  mole)  and 
1 , 1 4-di iodoperf 1 uoro-5 , 1 O-dimethyl -3 ,6 , 9 , 1 2-tetraoxatetradecane  (9.20  g, 
0.010  mole)  in  45  ml  of  N,N-di methyl formamide  was  added  copper  bronze 
(5.08  g,  0.080  g atom).  This  slurry  was  stirred  under  nitrogen  at  115- 
11 7°C  for  96  hours.  The  cooled  reaction  mixture  was  added  to  a stirred 
mixture  of  150  ml  of  ether  and  200  ml  of  water.  The  cuprous  salts  and 
excess  copper  were  filtered  off  and  the  ether  layer  was  washed  repeatedly 
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with  water  until  free  of  the  reaction  solvent.  The  ethereal  solution 
was  evaporated  to  dryness  to  give  a brown  oil  which  was  refluxed  in 
20  ml  of  acetic  anhydride  for  15  minutes.  The  excess  acetic  anhydride 
was  distilled  off  and  the  residue  was  distilled  under  reduced  pressure 
to  give  3.40  g of  1 ,14-bis(4-acetoxyphenyl)-perfluoro-5,10-dimethyl- 

3,6,9,12-tetraoxatetradecane,  b.p.  180-185°C/0.30  mm.  This  water-white 
oil  was  refluxed  for  an  hour  in  a solution  of  10  ml  of  concentrated 
hydrochloric  acid  in  100  ml  of  methanol.  The  solvent  was  evaporated 
under  reduced  pressure  and  the  resultant  tan  oil  was  taken  up  in  600  ml 
of  hexane.  This  solution  was  treated  with  charcoal,  filtered,  and 
reduced  in  volume  to  give  2.69  g {32%  yield)  of  1 ,14-bis(4-hydroxyphenyl ) 
perf 1 uoro-5 , 1 0-dimethyl -3 , 6,9,1 2-tetraoxa tetradecane  as  a viscous  water- 
white  oil. 

Analysis:  Calc'd:  C,  33.90;  H,  1.19. 

Found:  C,  34.37;  H,  1.42. 

Molecular  Weight  (mass  spectroscopy):  Calc'd:  850.  Found:  850. 

To  a solution  of  1 ,14-bis(4-hydroxyphenyl )perfluoro-5,10-dimethyl- 

3,6,9,12-tetraoxatetradecane  (2.60  g,  0.0030  mole)  in  30  ml  of  glacial 
acetic  acid  was  added  2.60  ml  of  concentrated  nitric  acid.  The  pale 
yellow  solution  was  stirred  at  43-45°C  for  four  hours  with  care  being 
taken  to  control  any  initial  exotherms.  The  solution  took  on  a deep  red 
color  which  faded  to  pale  orange  as  the  reaction  progressed  to  completion. 
The  cooled  reaction  mixture  was  added  to  200  ml  of  ice  water  and  the 
product  extracted  twice  with  250  ml  portions  of  ether.  The  combined 
ether  solutions  were  washed  repeatedly  with  water  and  finally  with  dilute 
sodium  bicarbonate  solution.  The  ethereal  solution  was  dried  over 
anhydrous  magnesium  sulfate  and  then  reduced  in  volume  to  a viscous 
residue  which  was  taken  up  in  hot  heptane.  Distillation  yielded  2.05  g 
{73%  yield)  of  1 ,14-bis(3-nitro-4-hydroxyphenyl ) perf 1 uoro-5, 1 0-dimethyl - 

3,6,9,12-tetraoxatetradecane  as  a pale  yellow  oil,  b.p.  1 80-1 84°C/0 . 1 5 
mm. 
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Analysis:  Calc'd:  C,  30.59;  H,  1.07;  N,  2.97. 

Found:  C,  30.51;  H,  0.89;  N,  2.80. 

Molecular  Weight  (mass  spectroscopy):  Calc'd:  940.  Found:  940. 

A solution  of  1 ,14-b1s(3-n1tro-4-hydroxyphenyl )perfluoro-5,  10-dimethyl- 
3,6,9,12-tetraoxatetradecane  (1.80  g,  0.0020  mole)  In  150  ml  of  methanol 
was  deoxygenated  by  passing  nitrogen  through  the  boiling  solution  for 
15  minutes.  Concentrated  hydrochloric  acid  (10  ml)  and  10%  Pd/C(0.20  g) 
were  added  to  the  cooled  solution  and  the  catalytic  reduction  was  run  at 
room  temperature  and  50  ps 1 of  hydrogen  for  six  hours.  The  catalyst  was 
filtered  off  and  the  water-white  residue  was  slurried  In  a water-ether 
mixture.  After  careful  neutralization  with  solid  sodium  bicarbonate, 
the  product  dissolved  In  the  ether  layer  which  was  washed  several  times 
with  water,  dried  over  magnesium  sulfate  and  evaporated  to  dryness.  The 
soluble  portion  of  the  residue  was  taken  up  in  1800  ml  of  boiling  hexane, 
the  solution  treated  with  charcoal  and  reduced  In  volume  to  600  ml  to 
give  upon  cooling  0.92  g (50%  yield)  of  slightly  off-white  product,  m.p., 
55-58°C. 

Analysis:  Calc'd:  C,  32.75;  H,  1.37;  N,  3.18. 

Found:  C,  33.09;  H,  1.49;  N,  3.01. 

Molecular  Weight  (mass  spectroscopy):  Calc'd:  880.  Found:  880. 

b.  1 ,17-B1s(3-am1no-4-hydroxyphenyl )perfluoro-3, 6,9,1 5-tetraoxa- 
heptadecane 

4-Iodophenyl  acetate  (7.86  g,  0.030  mole),  1 ,17-dliodoperfluoro- 
3,6,9,15-tetraoxaheptadecane  (9.68  g,  0.010  mole),  and  copper  bronze 
(5.08  g,  0.080  g atom)  were  stirred  together  under  nitrogen  at  113-11 7°C 
for  48  hours.  The  cooled  reaction  was  added  to  200  ml  of  ether.  The 
cuprous  salts  and  excess  copper  were  filtered  off  and  washed  on  the  frit 
with  ether.  The  ethereal  solution  was  washed  several  times  with  water  to 
remove  the  reaction  solvent,  dried  over  anhydrous  magnesium  sulfate, 
and  reduced  in  volume  under  reduced  pressure  to  yield  a brown  oil.  The 
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oil  was  refluxed  with  10  ml  of  acetic  anhydride  for  20  minutes  and  the 
excess  acetic  anhydride  then  distilled  off  under  reduced  pressure. 
Distillation  of  the  residue  yielded  4.53  g of  1 ,17-bis(4-acetoxyphenyl) 
perfluoro-3,6,9,15-tetraoxaheptadecane,  b.p.  184-189°C/0.10  mm. 


The  diacetate  ester  was  hydrolyzed  by  refluxing  for  30  minutes  In  a 
solution  of  5 ml  of  concentrated  hydrochloric  acid  in  100  ml  of  methanol. 

The  solution  was  reduced  In  volume  under  reduced  pressure  to  give  a light 

i 1 

tan  oil  which  was  taken  up  In  250  ml  of  hexane.  Treatment  of  the  solution 
with  charcoal,  followed  by  removal  of  the  hexane  under  reduced  pressure 
yielded  3.93  g (393!  yield)  of  1 ,17-b1s(4-hydroxyphenyl)perfluoro-3,6,9,15- 
tetraoxaheptadecane  as  a bright  yellow  oil. 

Analysis:  Calc'd:  C,  33.35;  H,  1.12. 

Found:  C,  33.17;  H,  1.66. 

Molecular  Weight  (mass  spectroscopy):  Calc'd:  900.  Found:  900. 

I 

A stirred  solution  of  1 ,17-b1s(4-hydroxyphenyl )perfluoro-3,6,9,15- 
tetraoxaheptadecane  (3.90  g,  0.0039  mole)  In  50  ml  of  glacial  acetic 
acid  was  treated  at  room  temperature  with  3.70  ml  of  concentrated  nitric 
acid.  The  pale  yellow  solution  was  stirred  at  43-45°C  for  five  hours 
with  care  being  taken  to  control  any  initial  exotherms.  The  solution 
took  on  a deep  red  color  which  faded  to  yellow  as  the  reaction  progressed 
to  completion.  The  cooled  reaction  mixture  was  added  to  250  ml  of  Ice 
water  and  the  product  extracted  several  times  with  200  ml  of  ether.  The 
combined  ether  solutions  were  washed  several  times  with  200  ml  portions 
of  water  and  then  with  dilute  sodium  bicarbonate  solution.  The  ethereal 
solution  was  dried  over  anhydrous  magnesium  sulfate  and  reduced  In  volume 
to  a viscous  oil  which  was  taken  up  In  hot  hexane.  Distillation  yielded 
3.10  g (79%  yield)  of  1 ,17-b1s(3-n1tro-4-hydroxyphenyl)perfluoro-3,6,9,15- 
tetraoxaheptadecane  as  a pale  yellow  oil,  b.p.  1 90-1 92°C/0. 1 0 mm. 

Analysis:  Calc'd:  C,  30.32;  H,  0.82;  N,  2.83. 

Found:  C,  30.75;  H,  0.85;  N,  2.72. 

Molecular  Weight  (mass  spectroscopy):  Calc'd:  990.  Found:  990. 

, 
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1 ,17-Bis(3-nitro-4-hydroxyphenyl)perfluoro-3,6,9,15-tetraoxaheptadecane 
(3.00  g,  0.0030  mole)  was  dissolved  In  180  ml  of  methanol  and  the  solution 
deoxygenated  by  passing  nitrogen  through  the  boiling  solution  for  15 
minutes.  Concentrated  hydrochloric  acid  (20  ml)  and  10%  Pd/C  (0.30  g) 
were  cautiously  added  to  the  cooled  solution  and  catalytic  reduction  to 
the  desired  product  took  place  overnight  at  50  psi  of  hydrogen.  The 
catalyst  was  filtered  off  and  the  clear  white  solution  evaporated  to 
dryness  under  reduced  pressure  to  yield  the  slightly  off-white  dl hydro- 
chloride salt.  It  was  stirred  vigorously  In  a water-ether  mixture  which 
was  treated  carefully  with  solid  sodium  bicarbonate.  The  ether  layer  was 
washed  several  times  with  water,  dried  over  magnesium  sulfate,  and 
evaporated  to  dryness.  The  residue  was  recrystallized  twice  from 
approximately  1400  ml  of  heptane  (charcoal)  to  yield  1.41  g (50%  yield) 
of  slightly  off-white  product,  m.p.  92-95°C. 

Analysis:  Calc'd:  C,  32.28;  H,  1.30;  N,  3.01. 

hound:  C,  32.82;  H,  1.59;  N,  3.13. 

Molecular  Weight  (mass  spectroscopy):  Calc'd:  930.  Found:  930. 

3.  PREPARATION  OF  POLYMERS 

Typical  preparative  techniques  for  the  polymers  are  as  follows: 

a.  [Poly  2 , 5-benzoxazol edlyl ( tetraf 1 uoroethy 1 ene)r xy (decaf 1 uoro- 
pentamethyl ene)oxy  ( tetraf 1 uoroethyl ene) -5 , 2-benzoxazol edlyl (octaf 1 uoro- 
tetramethylene)oxy(octafl uorotetramethylene)oxy(octafluorotetramethylene)] 
(No.  1) 

To  a mixture  of  dimethyl  perfluoro-6,ll-d1oxahexadecane  diimldate 
(0.748  g,  0.0010  mole)  and  1 ,ll-b1s(3-am1no-4-hydroxyphenyl )perfluoro- 
3,9-dloxaundecane  (0.698  g,  0.0010  mole)  was  added  5 ml  of  redistilled 
hexafluoroisopropanol . Glacial  acetic  acid  (0.25  g,  0.0041  mole)  was 
added  with  stirring  to  the  resultant  clear  amber  solution.  The  poly- 
condensation reaction  was  allowed  to  proceed  for  13  days  at  50-55°C  at 
which  time  the  viscous  solution  was  poured  Into  300  ml  of  methanol.  The 
precipitated  gum  was  washed  several  times  with  methanol  and  then  taken 
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up  in  15  ml  of  Freon  113.  The  filtered  solution  was  added  to  250  ml  of 
methanol  and  the  product  dried  at  100°C  (0.01  mm  Hg)  for  16  hours  to 
yield  1.05  g (77%  yield)  of  light  amber  polymer  (inherent  viscosity  = 0.40 
in  HFIP  at  25°C). 

Analysis:  Calc 1 d : C,  31.18;  H,  0.44;  N,  2.08. 

Found:  C,  31.59;  H,  0.68;  N,  2.04. 

b.  [Poly  5 ,2-benzoxazolediyl (di f 1 uoromethyl ene)oxy ( tetraf 1 uoroethyl ene 
oxy(octafluorotetramethylene)-2,5-benzoxazolediyl ( tetraf 1 uoroethyl ene )oxy 
( decaf 1 uoropentamethy 1 ene ) oxy ( tetra  f 1 uoroethyl ene ) oxy ( tetraf 1 uoroethyl ene ) 
oxy( tetraf 1 uoroethyl ene)]  (No.  11) 


Dimethyl  perfluoro-3,6-dioxaundecane  diimidate  (0.249  g,  0.00050  mole) 
and  1 , 1 7-bi s ( 3-ami no-4-hydroxyphenyl )perf 1 uoro-3 ,6,9,1 5- tetraoxaheptadecane 
(0.465  g,  0.00050  mole)  were  dissolved  in  3 ml  of  redistilled  hexafluoro- 
isopropanol.  Glacial  acetic  acid  was  added  to  the  clear,  pale  yellow 
solution  and  the  reaction  was  run  at  50-55°C  for  eight  days.  The  resultant 
viscous  solution  was  slowly  added  to  150  ml  of  cold  methanol  (-78°C)  and 
the  precipitated  polymer  was  washed  several  times  with  cold  methanol.  The 
polymer  was  redissolved  in  5 ml  of  Freon  113,  the  solution  filtered,  and 
the  polymer  reprecipitated  In  cold  methanol.  Several  washings  with 
methanol  followed  by  drying  at  180°C  (0.05  mm  Hg)  gave  0.45  g (68%  yield) 
of  light  amber  polymer  (Inherent  viscosity  = 0.47  in  HFIP  at  25°C). 


Analysis: 


Calc'd: 

Found: 


C,  30.70; 
C,  30.80; 


H,  0.45; 
H,  0.41; 


N,  2.10. 
N,  2.17. 
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Figure  3.  Infrared  Spectrum  of  Polymer  (No.  11)  (Film) 


Figure  5.  TGA  Curve  of  Polymer  {No.  11)  in  Air  and  in  Helium 
(AT  = 3°C/Min) 
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